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Abstract 

It is to provide a surface emitting semiconductor laser device having a long life time and uniform light 
output characteristics.A periphery of an upper surface and a side surface of a mesa structure is covered 
with a silicon oxide nitride film 34 as an inorganic insulating film, the mesa structure comprising a lower 
DBR 16 of a first conductive type formed on a first primary surface of an n-type GaAs substrate 12, 
having formed thereon an active region 24, an upper DBR 26 containing an AlAs layer 32 as the 
lowermost layer, and a p-type GaAs contact layer 28. 
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Description 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a surface emitting semiconductor laser device and a process for 
producing the same, and, particularly, relates to a so-called selective oxidation type surface emitting 
semiconductor laser device and a process for producing the same. 

2. Description of the Related Art 

A highly densified semiconductor laser array is demanded as a light source of light communication and 
an optical computer. In a semiconductor laser array, plural semiconductor laser devices are arranged at 
certain intervals, and the laser devices are controlled independently. A edge emitting semiconductor 
laser device is not suitable as a semiconductor laser array because it can only be one-dimensionally 
arranged on one substrate. On the other hand, a surface emitting semiconductor laser device is 
promising because it can be two-dimensionally arranged on one substrate to have an advantage in 
production of a matrix array of high precision and high density. 

A vertical cavity surface emitting semiconductor laser device, as one of the surface emitting 
semiconductor laser device, comprises an active region comprising an active layer and a spacer layer, 
and a pair of distributed Bragg reflectors (DBR) sandwiching the active region, in which an oscillator is 
constituted by the DBR, which emits light in a normal direction with respect to the substrate. The 
surface emitting semiconductor laser device is characterized in that the emission angle is small, the 
longitudinal mode interval is large, and an array can be easily formed, in comparison with the facet 
radiation semiconductor laser device. 

An example of the vertical resonance surface emitting semiconductor laser device is a so-called 



file://C:¥Documents and Settings¥^f£¥My Documents¥espacenet¥JP1 1340565.... 2005/05/30 



2/7 K-v f 



selective oxidation surface emitting semiconductor laser device, which is obtained by inserting Alx Ga1- 
x As (0.98.ltoreq.x.ltoreq.1) in the vicinity of the active region, and oxidizing the outer periphery of the 
inserted Alx Ga1-x As with steam to realize electric current confinement. One example thereof 
disclosed in Appl. Phys. Lett., vol. 65, No. 1, p. 97-99 (1994) has the structure shown in FIG. 4, in 
which a triple quantum well active layer comprising In0.2 Ga0.8 As is sandwiched by a DBR comprising 
GaAs/AIAs, provided that the p-type DBR comprises only a pair of GaAs/AIAs, and the GaAs layer is 
attached as the upper layer. In the production of the selective oxidation surface emitting semiconductor 
laser device, the p-type GaAs is first worked into a circular shape having a diameter of 30 or 60 .mu.m 
by using a photolithography process and a wet etching process. The exposed p-type AlAs layer is then 
subjected to a heat treatment in a furnace heated to 475 DEG C. for about 3 minutes. On the heat 
treatment, steam is obtained by bubbling nitrogen, as a carrier gas, in deionized water maintained at 95 
DEG C, has already been introduced in the furnace. The exposed AlAs layer is gradually oxidized in 
the horizontal direction, and finally a region of from 2 to 8 .mu.m square is formed that remains not 
oxidized. The oxidized region becomes aluminum oxide, which substantially does not let an electric 
current pass, to realize electric current confinement, and a refractive index distribution is formed 
between the aluminum oxide thus formed and the AlAs remaining to lower the threshold electric 
current. 

One example thereof disclosed in SPIE, vol. 2683, p. 1 14-122 (1996) has the structure shown in FIG. 
5, in which a triple quantum well active region comprising InGaAs is sandwiched by a pair of 
semiconductor DBRs. Layers of AI0.98 Ga0.02 As are inserted on and below the active region, and, 
after forming a mesa structure by etching until both the AI0.98 Ga0.02 As layers are exposed, the 
AI0.98 Ga0.02 As layers are then oxidized by using steam. The literature describes that a life time of 
2,500 hours or more could be obtained by inserting the AI0.98 Ga0.02 As layers in the vicinity of the 
active region. 

However, in the case where AI0.98 Ga0.02 As having a high Al concentration is oxidized with steam by 
using nitrogen as a carrier gas, a slight fluctuation of the Ga concentration influences the oxidation rate 
as shown in Electronics Lett., vol. 30, No. 24, p. 2043-2044 (1994). For example, the oxidation rate of 
AlAs is five times that of AI0.98 Ga0.02 As. Because the size of the electric current confinement region 
obtained by oxidizing a part of the Alx Ga1-x As largely influences the threshold electric current and the 
horizontal mode stability of the surface emitting semiconductor laser device, the control of the oxidation 
rate, i.e., the control of the composition of the Alx Ga1-x As, is important in production of a device 
having uniform optical output characteristics with good reproducibility. However, techniques required in 
the composition control of the Alx Ga1-x As, for example, the flow rate control, is of a more advanced 
nature than that in the DBR and the active region. 

In the case where AlAs (x=1) is used, the composition control becomes easier than the case of Alx 
Ga1-x As (x.noteq.1), and the uniformity and the reproducibility of the device are increased. However, 
as described in Appl, Phys. Lett., vol. 69, No. 10, p. 1385-1387 (1996), there is a tendency that the 
mesa structure is dropped off after sudden temperature rise after oxidation (which is considered to 
correspond to a heat treatment to form an ohmic contact of the upper electrode), and the life time of the 
surface emitting semiconductor laser device is as short as 100 hours or less. 

SUMMARY OF THE INVENTION 

The invention has been developed to solve the problems associated with the conventional technique. 

An object of the invention is to provide a surface emitting semiconductor laser device having uniform 
optical output characteristics and a long lifetime, and a process for producing the surface emitting 
semiconductor laser device. The invention relates to, as a first embodiment, a surface emitting 
semiconductor laser device comprising a substrate, a distributed Bragg reflector film of a first 
conductive type formed on a first principal surface of the substrate, an active region formed on the 
reflector film, a distributed Bragg reflector film of a second conductive type formed on the active layer, 
and a control layer formed by oxidizing a part of at least one AlAs layer in the vicinity of the active layer, 
a mesa structure containing from an upper part of the distributed Bragg reflector layer of the second 
conductive type through the control layer being formed, wherein an inorganic insulating film is 
laminated to cover a peripheral part of an upper surface and a side surface of the mesa structure. 

The invention also relates to, as a second embodiment, a surface emitting semiconductor laser device 
comprising an insulating substrate, a buffer layer of a first conductive type formed on the insulating 
substrate, a distributed Bragg reflector film of the first conductive type formed on the buffer layer, an 
active region formed on the reflector film, a distributed Bragg reflector film of a second conductive type 
formed on the active layer, and a control layer formed by oxidizing a part of at least one AlAs layer in 
the vicinity of the active layer, plural mesa structures containing from the distributed Bragg reflector 
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layer of the second conductive type through the buffer layer being formed, wherein an inorganic 
insulating film is laminated to cover a peripheral part of an upper surface and a side surface of the 
mesa structures, and an organic film is laminated in the region among the respective mesa structures. 

The inorganic insulating film may comprise silicon oxide, silicon nitride and/or silicon oxide nitride, and 
the inorganic insulating film may be formed by a plasma-assisted chemical vapor deposition method. 

The invention further relates to, as a third embodiment, a process for producing a surface emitting 
semiconductor laser device comprising the steps of: laminating, on an insulating substrate, a buffer 
layer of a first conductive type, a distributed Bragg reflector film of the first conductive type, an active 
region, at least one AlAs layer in a vicinity of the active region, a distributed Bragg reflector film of a 
second conductive type, and a contact layer having the second conductive type; forming plural mesa 
structures containing from the contact layer through the distributed Bragg reflector film of the first 
conductive type; selectively oxidizing a part of the AlAs layer; forming, on the buffer layer, a lower 
electrode capable of forming an ohmic contact with the buffer layer; laminating an inorganic insulating 
film to cover the mesa structures; removing a part of the inorganic insulating film and the buffer layer to 
make the respective mesa structures independent, so as to complete the mesa structures; laminating 
an organic insulating film to be embedded in regions among the respective mesa structures; removing 
the organic insulating film until the inorganic insulating film on an upper surface of the mesa structures 
is exposed; removing the central part of the inorganic insulating film on the upper surface of the mesa 
structures; and forming an upper electrode in contact with an exposed part on the upper surface of the 
mesa structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view showing a surface emitting semiconductor laser device of Example 1 
according to the invention. 

FIG. 2 is a cross-sectional view showing a surface emitting semiconductor laser device of Example 2 
according to the invention. 

FIG. 3 is a graph showing a result of a life time test of a surface emitting semiconductor laser device 
produced in Example 1. 

FIG. 4 is a cross-sectional view showing a conventional surface emitting semiconductor laser device. 

FIG. 5 is a cross-sectional view showing another conventional surface emitting semiconductor laser 
device. 

DETAILED DESCRIPTION OF THE INVENTION 

The surface emitting semiconductor laser device according to the invention comprises a substrate, a 
distributed Bragg reflector film of a first conductive type formed on the substrate, an active region 
formed on the reflector film, a distributed Bragg reflector film of a second conductive type formed on the 
active layer to face the distributed Bragg reflector film of the first conductive type, and a control layer 
formed by oxidizing at least one AlAs layer in a vicinity of the active layer, and a mesa structure 
containing from an upper part of the distributed Bragg reflector layer of the second conductive type 
through the control layer is formed. The control layer may be formed above the active region or may be 
formed under the active region. In the case where the control layer is formed above the active region, 
the control layer may be the undermost layer of the distributed Bragg reflector film of the second 
conductive type. A contact layer having the second conductive type may be formed on the distributed 
Bragg reflector film of the second conductive type, and in this case, the mesa structure contains the 
contact layer. A buffer layer of the first conductive type may be formed between the substrate and the 
distributed Bragg reflector film of the first conductive type. The surface emitting semiconductor laser 
device of the invention may have plural mesa structures. In this case, the substrate comprises an 
insulating material to insulate the respective mesa structures; a buffer layer of the first conductive type 
is formed between the substrate and the distributed Bragg reflector film of the first conductive type; and 
the mesa structure contains from the distributed Bragg reflector layer of the second conductive type (or 
the contact layer when it exists) to the buffer layer. 

As the substrate used in the invention, materials known has a substrate, such as GaAs, InP, AIGaAs 
and sapphire, may be used. As the buffer layer, GaAs may be used. As the distributed Bragg reflector 
film, AIGaAs and GaAs may be used. In order to withdraw emission light from the upper surface of the 
mesa structure, the reflectivity of the distributed Bragg reflector film of the first conductive type must be 
higher than that of the distributed Bragg reflector film of the second conductive type. As the active 
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region GaAs, InGaAs, InGaAsP and GalnNAs may be used. As the contact layer of the second 
conductive type, GaAs or the like may be used. The layers and the substrate are subjected to doping 
depending on necessity. As a dopant, silicon or selenium may be used for n-type, and carbon, zinc, or 
magnesium may be used for p-type. 

In the invention, an inorganic insulating film is formed to cover the peripheral part of the upper surface 
and the side surface of the mesa structure. As the inorganic insulating film, silicon oxide, silicon nitnde 
and/or silicon oxide nitride may be used. 

In the case where the surface emitting semiconductor laser device of the invention has plural mesa 
structures, an organic film is embedded in regions among the respective mesa structures. It is preferred 
that the organic film is completely fills the steps among the respective mesa structures. As the organic 
film, a polyimide having high heat resistance may be used. Even in the case where the surface emitting 
semiconductor laser device of the invention has a single mesa structure, an organic film may be formed 
to fill the steps formed due to the formation of the mesa structure. 

A process for producing the surface emitting semiconductor laser device will be described below. A 
buffer layer of a first conductive type is formed on a substrate (in the case where plural mesa structures 
are formed); a distributed Bragg reflector film of the first conductive type is formed on the substrate or 
the buffer layer of the first conductive type; an active region is formed on the distributed Bragg reflector 
film of the first conductive type; at least one AlAs layer is formed above or under the active region in the 
vicinity of the active region; a distributed Bragg reflector film of a second conductive type is formed on 
the active region or the AlAs layer; and a contact layer of the second conductive type is formed on the 
distributed Bragg reflector film of the second conductive type (depending on necessity). In the case 
where a single mesa structure is formed, a lower electrode is formed on the surface of the substrate 
opposite to the surface on which the layers described above are formed. As a method for forming the 
buffer layer of the first conductive type, the distributed Bragg reflector film of the first conductive type, 
the active region, the AlAs layer, the distributed Bragg reflector film of the second conductive type and 
the contact layer of the second conductive type, an MOCVD method and an MEB method may be 
used. As a method for forming the electrode, a vapor deposition method, an ion plating method and a 
sputtering method may be used. 

A mesa structure containing from the contact layer (or the upper part of the distributed Bragg reflector 
film of the second conductive type when no contact layer exists) through the AlAs layer is then formed. 
In this case, the active layer of the active region is contained in the mesa structure. Therefore, in the 
case where the AlAs layer is arranged under the active region, the mesa structure is formed to contain 
from the contact layer or the distributed Bragg reflector film of the second conductive type through at 
least the AlAs layer, and in the case where the AlAs layer is arranged above the active region, the 
mesa structure is formed to contain a spacer layer, which is generally arranged under the active region, 
and a part of the distributed Bragg reflector film of the first conductive type. In the case where plural 
mesa structures are formed, the mesa structures are formed to contain through the distributed Bragg 
reflector film of the first conductive type. A part of the AlAs layer is then selectively oxidized. Thereafter, 
in the case where plural mesa structures are formed, a metal capable of forming an ohmic contact with 
the buffer layer is deposited at the prescribed position by a lift-off method to form a lower electrode. 
That is, after forming a resist pattern, a metal is deposited by a vapor deposition, for example, and the 
metal formed on the resist is removed along with the resist to leave the metal in directly contact with the 
buffer layer. 

After the oxidation of the AlAs layer (in the case where the single mesa structure is formed) or after the 
formation of the lower electrode (in the case where the plural mesa structures are formed), an inorganic 
insulating film is laminated to cover the mesa structure. As a method for lamination, a plasma-assisted 
chemical vapor deposition method, which can form a dense film at low temperature, is preferred. In the 
case where the plural mesa structures are formed, a part of the inorganic insulating film and the buffer 
layer are removed by a photolithography process or a reactive etching process, to make the respective 
mesa structures independent. Subsequently, in the case where the plural mesa structures are formed, 
an organic insulating film is laminated to be embedded in regions among the respective mesa 
structures. The organic insulating film is then removed by chemical and mechanical polishing until the 
inorganic insulating film on the upper surface of the mesa structures is exposed, and the central part of 
the inorganic insulating film on the upper surface of the mesa structures is removed by 
photolithography and etching. Finally, a metal is formed in contact with an upper surface and a side 
surface of the inorganic insulating film and an exposed part on the upper surface of the mesa structure 
(i.e., a part from which the inorganic insulating film is removed) by a lift-off method, to produce an upper 
electrode. As a metal that can be used as the upper and lower electrodes, titanium, gold, platinum, 
zinc, an alloy thereof and a combination thereof may be exemplified. 
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The invention will be described in detail with reference to the drawings. 

EXAMPLES 

Example 1 

FIG. 1 is a cross-sectional view of a surface emitting semiconductor laser device 10 of the first 
embodiment. Upon production of the surface emitting semiconductor laser device 10, an n-type GaAs 
buffer layer 14, a lower DBR 16, an active region 24 comprising a lower spacer layer 18 comprising 
undoped AI0.6 Ga0.4 As, a quantum well active layer 20 comprising an undoped AI0.1 1 Ga0.89 As 
quantum well layer and an undoped AI0.3 Ga0.7 As barrier layer, and an upper spacer layer 22 
comprising undoped AI0.6 Ga0.4 As, an upper DBR 26, and a p-type GaAs contact layer 28 were 
laminated in this order on an n-type GaAs substrate 12. A laminated film of AuGe/Au was allowed to 
adhere on the surface of the n-type GaAs substrate 12 opposite to the surface on which the layers 
described above were formed to form an n-type electrode 30. The lower DBR 16 was formed by 
alternately laminating n-type AI0.9 Ga0.1 As and p-type AI0.3 Ga0.7 As to a thickness of .lambda./(4nr) 
(.lambda.: oscillation wavelength, nr : refractive index of media) for each by 40.5 cycles, in which the 
silicon concentration as a dopant was 2.times.10@18 cm@-3. The upper DBR 26 was formed by 
alternately laminating p-type AI0.9 Ga0.1 As and p-type AI0.3 Ga0.7 As to a thickness of .lambda./(4nr) 
for each by 30 cycles, in which the carbon concentration as a dopant was 3.times.10@18 cm@-3. As 
the lowermost layer of the upper DBR 26, a p-type AlAs layer 32 was formed as a control layer instead 
of the p-type AI0.9 Ga0.1 As. The p-type AlAs layer 32 had a thickness of .lambda./(4nr) and a carbon 
concentration as a dopant of 3.times.1018 cm@-3. The number of cycles (number of layers) of the 
upper DBR 26 was smaller than that of the lower DBR 16 because the reflectivity of the upper DBR 26 
was made smaller than that of the lower DBR 16 to withdraw emission light from the side of the contact 
layer. In order to lower the series resistance of the device, a so-called transition region was formed 
between the AI0.9 Ga0.1 As layer and the AI0.3 Ga0.7 As layer in the lower DBR 16 and the upper 
DBR 26, in which the aluminum composition of the transition region is intermediate between the AI0.9 
Ga0.1 As layer and the AI0.3 Ga0.7 As layer. The p-type GaAs contact layer 28 had a thickness of 20 
nm and a carbon concentration of 1. times. 10@20 cm@-3. 

A mesa structure was formed from the p-type GaAs contact layer 28 through a part of the lower DBR 
16 by reactive ion etching using a gas of boron trichloride and chlorine (BCI3 +CI2). Subsequently, the 
AlAs layer 32 was heated to 400 DEG C. in a wet oxidation furnace, into which steam formed by 
bubbling nitrogen as a carrier gas in deionized water heated to 95 DEG C. was introduced, to 
selectively oxidize a part of the AlAs layer 32. A silicon oxide nitride film 34 having a thickness of about 
1 .mu.m was then formed to cover the mesa structure by a plasma-assisted chemical vapor deposition 
method at 250 DEG C. A contact hole was formed by removing the silicon oxide nitride film 34 from the 
central part of the upper surface of the mesa structure by photolithography and etching. A laminated 
film of Ti/Au as a p-type electrode 36 was formed at the prescribed position by a lift-off method to 
connect the p-type electrode 36 to the p-type GaAs contact layer 28, so that an emission hole was 
formed. 

The device of this example had the constitution described above, and laser light having an oscillation 
wavelength .lambda, of 780 nm was withdrawn from the emission hole. 

An electric current of 3 mA was applied between the n-type electrode 30 and the p-type electrode 36 of 
the device at room temperature to conduct laser oscillation. The results obtained are shown in FIG. 3. It 
is understood from the figure that, in the device of this example, the output is unchanged for a period of 
200 hours or more, and an extremely stable normal radiation laser device is obtained even when an 
AlAs layer is used as an electric current confinement layer. 

In the surface emitting semiconductor laser device 10, while the silicon oxide nitride film 34 covers a 
part other than the mesa structure, it is possible to cover only the peripheral part and the side surface 
of the mesa structure as far as drop-off of the mesa structure can be prevented. 

Example 2 

FIG. 2 is a cross-sectional view of a surface emitting semiconductor laser device 40 of the second 
embodiment. In the constitution of the surface emitting semiconductor laser device 40, the same 
components as in the surface emitting semiconductor laser device 10 are marked with the same 
symbols to omit the descriptions therefor. Upon production of the surface emitting semiconductor laser 
device 40, an n-type GaAs buffer layer 14, a lower DBR 16, an active region 44 comprising a quantum 
well active layer comprising AI0.9 Ga0.1 As quantum well layer sandwiched by undoped AI0.6 Ga0.4 
As and an undoped AI0.3 Ga0.7 As barrier layer, an upper DBR 26, and a p-type GaAs contact layer 
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28 were laminated in this order on an undoped GaAs substrate 42. Mesa structures were formed from 
the p-type GaAs contact layer 28 through the lower DBR 16 by photolithography and reactive ion 
etching using a gas of boron trichloride and chlorine (BCI3 +CI2) to expose the n-type GaAs buffer layer 
14. Subsequently, the AlAs layer 32 was heated to 400 DEG C. in a wet oxidation furnace,, into which 
steam formed by bubbling nitrogen as a carrier gas in deionized water heated to 95 DEG C. was 
introduced, to selectively oxidize a part of the AlAs layer 32. Furthermore, an n-type electrode 46 
comprising a laminated film of AuGe/Au was formed at the prescribed position of the part, at which the 
n-type GaAs buffer layer 14 is exposed, by a lift-off method. A silicon oxide nitride film 48 having a 
thickness of about 1 .mu.m was then formed to cover the mesa structures by a plasma-assisted 
chemical vapor deposition method at 250 DEG C. Subsequently, a part of the silicon oxide nitride film 
48, the n-type GaAs buffer layer 14 and the undoped GaAs substrate 42 on a part arranged among the 
mesa structures was removed by photolithography and etching, to complete the mesa structures and to 
make the respective mesa structures independent. A polyimide 50 was formed among the mesa 
structures to fill the steps. The polyimide 50 was removed by mechanical and chemical polishing to 
expose the part of the silicon oxide nitride film 48 positioned on the p-type GaAs contact layer 28. A 
silicon oxide nitride film 52 having a thickness of about 1 .mu.m was formed by a plasma-assisted 
chemical vapor deposition method at 230 DEG C. Subsequently, the silicon oxide nitride films 48 and 
52 were removed from the central part of the upper surface of the mesa structures to form contact 
holes. A laminated film of Ti/Au as a p-type electrode 54 was formed at the prescribed position by a lift- 
off method to connect the p-type electrode 54 to the p-type GaAs contact layer 28, so that emission 
holes were formed. 

The device of this example has the constitution described above, and laser light having an oscillation 
wavelength .lambda, of 780 nm is withdrawn from the emission hole by applying an electric current 
between the n-type electrode 46 and the p-type electrode 54. 

In the device of this example, by forming the inorganic insulating film to cover the mesa structures, 
drop-off of the mesa structures can be prevented even when the AlAs layer is used as the electric 
current confinement layer, to obtain an extremely stable normal radiation laser device. The steps at the 
region among the mesa structures can be diminished or eliminated by completely filling the polyimide 
into the region to prevent disconnection of the p-type electrode and to increase the yield of wiring. 
Furthermore, unnecessary leakage can be prevented by the polyimide. By covering the mesa 
structures with the inorganic insulating film, the VCSEL can be prevented from damage on flattening 
the polyimide by mechanical and chemical polishing to increase the yield. 

In the first embodiment of the invention, a surface emitting semiconductor laser device, in which the 
drop-off of the mesa structure is prevented, the life time is long, and the light output characteristics are 
uniform, can be provided by covering the periphery of the upper surface and the side surface of the 
mesa structure containing the AlAs layer with the inorganic insulating film. 

In the second embodiment of the invention, drop-off of the mesa structures is prevented by covering 
the periphery of the upper surface and the side surface of the mesa structures with the inorganic 
insulating film, and disconnection of the electrode and unnecessary leakage can be prevented by filling 
the region among the mesa structures with an organic film. 

In the third embodiment of the invention, a surface emitting semiconductor laser device having a long 
life time and uniform light output characteristics can be produced with good reproducibility. 
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What is claimed is: 

1. A surface emitting semiconductor laser device comprising a substrate, a distributed Bragg reflector 
film of a first conductive type formed on a first principal surface of said substrate, an active region 
formed on said reflector film, a distributed Bragg reflector film of a second conductive type formed on 
said active layer, and a control layer formed by oxidizing a part of at least one AlAs layer in the vicinity 
of said active layer, a mesa structure containing from an upper part of said distributed Bragg reflector 
layer of said second conductive type through said control layer being formed, wherein an inorganic 
insulating film is laminated to cover a peripheral part of an upper surface and a side surface of said 
mesa structure. 
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2. A surface emitting semiconductor laser device as claimed in claim 1 , wherein said inorganic 
insulating film comprises silicon oxide, silicon nitride and/or silicon oxide nitride. 

3. A surface emitting semiconductor laser device as claimed in claim 2, wherein said inorganic 
insulating film is formed by a plasma-assisted chemical vapor deposition method. 

4. A surface emitting semiconductor laser device comprising an insulating substrate, a buffer layer of a 
first conductive type formed on said insulating substrate, a distributed Bragg reflector film of said first 
conductive type formed on said buffer layer, an active region formed on said reflector film, a distributed 
Bragg reflector film of a second conductive type formed on said active layer, and a control layer formed 
by oxidizing a part of at least one AlAs layer in a vicinity of said active layer, plural mesa structures 
containing from said distributed Bragg reflector layer of the second conductive type through said buffer 
layer being formed, wherein an inorganic insulating film is laminated to cover a peripheral part of an 
upper surface and a side surface of said mesa structures, and an organic films is laminated in the 
region among the respective mesa structures. 

5. A surface emitting semiconductor laser device as claimed in claim 4, wherein said inorganic 
insulating film comprises silicon oxide, silicon nitride and/or silicon oxide nitride. 

6. A surface emitting semiconductor laser device as claimed in claim 5, wherein said inorganic 
insulating film is formed by a plasma-assisted chemical vapor deposition method. 

7. A process for producing a surface emitting semiconductor laser device comprising the steps of: 
laminating, on an insulating substrate, a buffer layer of a first conductive type, a distributed Bragg 
reflector film of said first conductive type, an active region, at least one AlAs layer in the vicinity of said 
active region, a distributed Bragg reflector film of a second conductive type, and a contact layer of said 
second conductive type; forming plural mesa structures containing from said contact layer through said 
distributed Bragg reflector film of said first conductive type; selectively oxidizing a part of said AlAs 
layer; forming, on said buffer layer, a lower electrode capable of forming an ohmic contact with said 
buffer layer; laminating an inorganic insulating film to cover said mesa structures; removing a part of 
said inorganic insulating film and said buffer layer to make said respective mesa structures 
independent, so as to complete said mesa structures; laminating an organic insulating film to be 
embedded in regions among said respective mesa structures; removing said organic insulating film 
until said inorganic insulating film on an upper surface of said mesa structures is exposed; removing 
the central part of said inorganic insulating film on said upper surface of said mesa structures; and 
forming an upper electrode in contact with an exposed part on said upper surface of said mesa 
structures. 
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[flRK^Ift] nSGaAsifil2©tliiiii:K^ 
(£3 tlfcSS 1 ^SMCDTgPD BR 1 6 ±icmm$ tltc. 
immm2 4 t fcTJltCA I A sJ13 2££tflfr23SS 
M©±8PDBR26. RtfpliODGa As a^** bM 

r*4i'y=i>lHa{kgl3 4t?«5. 




[«aWII#©*H] 

Kjagbfc4>& < <h 4> 1 H©A 1 A s Jf ©— 9$£K{bL 

m?wm&&. *> ± *> «c«@ s nr c> s c <t Sr^m i t & 

3 tifcH 1 aSmM©^* -;77-li, fuf B^* v~2 ~t HI 

zmvmM<<c&mLtc'prj: <tt>i m<da 1 A s m<d— 
m*m3 ] meMMfittK*. swim**, mm 

^m. J&Z?/X.i3mMittt^MX&2>Ci: : $:W§kt-?2> 
1 X»2 (cta«©lHlft*S8**#u--- if*^ = 

tKS&^J&J&i* n/cc £ f &f»5fcia 3 (ciBig© 

ffi2£M&5S^# t- — If S^. 

mt, mizimmm< l cftmLtc'j>tj:< ti> ib©a i a 

mibis i mmmo^mmmm^mmimi xz^tss if 
m&*w.mmb. miba i a s»©— w*aBR»«:M 

{bU boIB^' »7r -H±«:mitB^* »7T-lt*-5 
■> 9 =i> 2 ? \-ZmZCt&X%2>T$mM*:BJ&l;. 
iE^l^lg^BUfB^-tf^jt^M^^^KaJlU. S^lf 

-n©-gp*^*OTB>iia^if«^^si/. ame* 
^^^^©Rgc^aisssj^foijiu mriB 
^if ^©-hM±©»^^M*^tH-r s * -r-mrtaw^ 

©*^Si5^K^0> itiB^1f#®©±®* s Sffll/fcSP» 
®2£*£i*# U -If J£^<DS3j§#£ 0 
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[0 0 0 1] 
[0 002] 

b $ tifc^w* u - ■ tf r b ■< ifi>sm t u ~> x i > 

ffi^3KS©^>^U-if#^-a. PI-SSJitc-^cW 
tcL*>3fe5(It?lr&^fc». ^<©^(*u— 1f£Jil»(b 
Lfc^SittU— tfTU-Y(C«^#-C*-3/c <> cftfc#t 

m\-c # . upmflEfrojwf sac vn>»«7u-f#ff 

[0 00 3] HIB6ffl3s*#U— !f3^^y-io-r&S 

Sii:ft®SM©ffi^M*j»»u-if3S-T-K. rSffiiR 

20 jAt? 1 m<Dft15Mm%Lfx%im (Distributed 
Bragg Reflector, DBR) 

[0 004] SHftSM©ffl«*ffl**»U— 9*^ 
fflOioK, ffiffi£13fim<Di&&K.A 1 , Ga,., As 

( o . 9 8^x^1) *#Ab. msfe^*oi^«:-r ^ 
fflt » xm t h tcmmmvmimmmm^mw u — tf s 

t, flf, 97I*699I(1 994f) (App 
1., Phys. , Lett. , Vol.6 5, 
No. 1. p. 9 7 -99, 1 9 94) iC^Siir 
(,>£&©«, H4^7n-Ti*jiJ I n„. 2 Ga... As*> 
6ife-2>3*aT-#FffiffiB ; &. GaAs/AlAsi>f> 
iSS D B R-Ct> F ^ ^ ? 0fcSS-C*5„ fc/cU P 
SD BRli 1 fi©G a A s /A 1 A s tcl~}Xffif$t£tl. 
40 GaAsJ!#±S|55caSS3*lTI,>&„ C©jSJR®{tSffi 

SKfe^^ftu— tf*^©SB§r«. *\-vvif 

A sM3 0^U< «6 0 /imS©Pl}gK:/)ni-rS„ o 
■^^-CStHl/fcpMA 1 A sl%47 5*C{CttHS»L</c^ 

©tt!t?#^3^jaifln?Kiiaa-rs. c©^. *?©*«:»* + 
>^-r* c tic «fc o t#6ns*^.m*s^A$nrc^. 

SWL/fcA l A sJB{J«#|6j*>6&*fc:&fl:;**i. 
so ^bSnfcM««^br;us-"5Atfj:f3, Si 



1 



3 

f&ztitcffltTfoi-v&tmitcA i a s t<Dmcm 

[0 00 5] xXf-T-fW-. 1268 31, 

1 1 4M*p<E> 1 2 21 ( 1 9 9 6*£) (SPIE. V 
01.2683, p. 114-122. 1996) 
tCmZtitchOtt., ms iCTnftteO I nGaAsW 
ft S 3 fiS^#FrS^«^*±T©¥^ D B R -Clf > 

,.„Ga,,„ A s#lf A£ft"Cte»J. MAl„. 9 ,Ga 

oi a s #gsunr * * ti-^> f-csM-mmzBtizi, 

fc&Cfte>©A l 0 . J ,Ga,. 01 As4^Mffll-^i 
{b-T-S. BUlStitt^Offl^tCA l 0 .„Ga.., 1 As% 
JfAl/fcCiKiO. 2 5 00KJHJ^±<D*^3!>iffi=.ti 

[0006] 

[26W#8?&L-<fc5<t-T.5>ISjg] Lfrb. AHSSCDW 
1>A1, Ga,., As*. mm**+ VTilXtlsXTK. 

mstrnttzm^;, in'ho-w u*-x. at3 

0t. 12 4^, 2043I*f>2044I (1 94 
*£) (Electronics Lett.. Vo 
1. . 30. No. 24. p. 2043-204 
4, 1 9 9 4) tCTftStvCl^-SiMc. G a CD?g@tf>sfift 

«>tc^tL/^cwrM{biiSA^b-r.s„ A 1 A 

s©Mft»£ttA l..„Ga„.. ! As€>fn©5gt* 
^. Al, Ga a _, A s<D— 8i,*m.it? %Ct<,C& ~>-C 

ftfcf. H?ieAU Ga,.. AsCDMf&ZmW-fZCtte 

asHi^jWtta^-isrjfrf *w»tt«t < ajj£-rs©(csg 

-C&So LfrU Al, Ga^, A s <DM.mfflfflT'-&g : 

tztizmm, mutt. mm®mmxDBR^m&mm 

OMJSMWtcistt 5 * ft J: <0 ffigfc © <t & £ . 

[0007] — a i a s ( x = i ) zmwems 

«. A 1 , Ga,., As (x* 1 ) ©JS^cfcO. WRM 

mmm t a *y . j^©^H4^s^te#te©(cisj±-r 

f lOf. 1 3851*6 1 3 871 (1 996^) 
(Appl. Phys. Lett.. Vol.6 
9, No. 1 0. p. 1 3 8 5- 1 3 8 7. 1 9 

geme©*- s ~, * n * f *ixs/ci!&©«y8ia(ct@ 

STS£#*e>ttS) ©^-cy-^m^lBimL/cO. * 
fclD^M^ftU— !f^©*W*©»^l 0 0B$ 

[0008] ^Bjjj^^KS^^-r-sfc^^sn 
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[000 9] 

mmzMVkTztc&<D^m *&w<Dm 1 ©ss««, 
as<t. «uiBa«©m i imi:«:»tfssnfc» 1 siraa 
<o&i6maas.&mmatmt . Birfa/x*ng±«:^fi£ snfc 

rSttM^i . B5IB«t4^±«:0fiS3 ti/cm 2 SUM© 

<ti>\m<DA 1 A sH©— SB*K{tb/c3> hn-;U 
H £ £W L . 4>£c < £ *> Btrf20 2 ^S^©^flJ^SM^ 
io )!SSt^©±5l5*^mrf23 > h a-;UJi£ -e£^t?y -tf- 

fcsts*&&iB#B5fa^ •f-^>t©±M©#si5sy f ffl'jffl ; &s 5 
J: ^ ccan $ nr (,» -2, c <t t ■? &„ 
[0010] *mi<Dm2<Dmm£, tm&m&t. m 
imm&mmiicBf&stitcm 1 mnmo^ wr-m 
t . mrsa^* yvr ~m±K.mm 2 titcn 1 mnmofrm 
mmm^m mmm t . mizmim^icnm 3 ft fcrsttii 
jd< t . mtEimmmi.tc&m sntcm2 mmm^n 

20 1 H©A 1 A sJl©— SU*^bLfc3> ha-;Hi* 

wt. mris^2^«s'©»?U!(ijiM^)is^re*>e>B!ria 

!T»T«:4rt»t. ^®tei^M**Stna^ 
lf«Jg©±ffi©i^g|JRj>*ffiiJ®*a 5 i 9 $ n. s 

[0 0 1 1 ] cct, ±iajW*tei»BH3:KYbW(,»JR. g 
^bwc^*. S?>7 X«K^{bWc^i-r-5ci*i-cs. 

30 ^-rsci*j-c#-5, 

[0012] $SiOf3 ©Sg««, ^14S^±(C. 

m 1 ^hm©^' -^r-ii. ^1 mwgKDfrmmmm. 
t£< ti> 1 ji©a 1 a sii. m2mmm<D^ifi'imm 

mftan > ^ ^ h m#> hmizm 1 3V«BS<D^««fiS^JI 
JSIt)SS-r^tf^^it*«^fiSL. BUfaA 1 A s 

s©— gp*ji*?a«jtcK-(bo . me.'* vvy -@±cchjib 

«t 5 tea® o . §y •y^ig^ttSE-r s j: ^ tc Btiia^^ 
Masacmta^ * 7 y -n©— gp*^*L--cm)fa^^« 

jg^^SL-. W«W8i»lg*#^-9-«Kg©|ffl©M^*ia* 

^» «t 9 ecM l . fria^ -9-^©±ffi±©M^i^)s*s 
^f±i-rs*fmriawm^M*^*L/. 3 6{c^-y«js 
©±ffi±©MS^m©**gp*^* l . mi a^ 

50 [0013] 



f 



5 

i£1iS©#^»ai2£lfJ5*fK<!:. ill3?S14«««:ifiS 
b/c4>& < 1 4> 1 Ji©A 1 A s Jf ©— SB^^tU/ca > 

M*i©±&ci8:W£f§oK«:. 3>M3-JUg£SS2a£m 
M©^^§ SS^Jf R«W)S©STJ1 £ -r £ C b &vs 
S„ m2^^©^*!)fSS^JiJS*HaiiK:«m2«m 

•*mmzz.<r>^**>? vmi&t*. */c, a^tsriag 
)isMMi©ra«:^ 1 mnmcD'* ^7 

^1f»j§«!ir2«1iS©#^§MM^Ji5#*)S (=i>* 

[0014] ^WcteJB-f&gSi «. G a A 
s. InP, AlGaAs, t77-ft?©Hilt 

^•MJS*tM<tO-C«. AlGaAs, GaAs?Sffll> 
5Ci*-C^5. ttfc. W«*4»2«mM©^ ; flJ'MS 

mmm^mmmm<Dm mmum 2 mmm.o^mmm' 

K«, GaAs. InGaAs. InGaAsP. Ga 
InNAsfM-r^CimS. »2ilS©3 

[0015] *^hj-^«> M^m^ff>±m<om^m.um 
mmtuxit. mim^m. mm^m. %.v/xim 

[0016] &mi(DW$t%M¥m#i<— ym+tf&m. 
m®m*mm?z>. c©wtiM»s^^miS©^©m^ 
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■&Xi>. J^m<DBf&t l c<i:-oX£.Ctc&£Zi&ib2>£ 
[0017] «_h©B^fcS*^ftU-1f*^-©lfS* 

■?y~m mwL<Dj-y-imzBi&-rzm£) *Bi&h. 
mmnzm 1 mwsKD'* -m±«.m 1 mmwDft 

10 5C C (DxHtmmiC&m Ltc'Mj: < £ 1 JI© A 1 A s Ji 

zmf&L. ffi&mmxizA 1 a sn±cc^2^ita©» 

«) i^rTM (SB) -TS. (DJimikZB 

m-zm-smz. m&vtimmmzn&mtizjxtt 
m 1 m^ma^^mmm^mKSim, *mm.m. a 1 a 

©3>£* HtDl^atltH MOCVDS, M 

«. -f + >^U— f--/ >^ffi. v * 'J 

[0018] 7*F'JV^77^ RO'x y ^ 

^©2^D©^S ; l:fflt. ; ''C3>^i' bm (3>^^hJl*s 
^c^JS^tCli, ®2^mS©^-*®jl®^BiSW«©± 
SB) ifih'pt^ ifcAlA s)l?:^tf^^jt*^EE-r 

s„ c©i#. jvffi&wzm&mm<Dm&mz&£i* 

^„ ge-oT. A 1 AsJI#r£ttMit©TK:B5g;*ft6*l 

30 SWK**E>ii>^< il>A 1 AsJl^tyi^icy^j* 
A 1 AsH*irStt^©±«ci2gS*T.2.^ 

mi^SM^tPlliS^JlJSS*)©*^^^*?^^ 
«j&«r^-r-5.<, ^C^-r. A 1 A si©- SU£jl!RtfJ(C 

^•S^H*';-? h*7^-cef^©fi[gK:rTM0. TSP 

[0019] A 1 AsICtlti (DJ-V-mTtZB 
C£#-e#£:^X-?3mft^mfflEXfiffi*W£ bl>„ 

«^©^u-«it^^-rsa^cc«. ^k. gyu-mig 



sw-r*. ac^r. svmmp>±w±<Dtemmtmifin 

w&mc * ?mm.(D±.ffii>mtii u fcgp# < 

#fto*(c cft6©iffi&£:b-tf3?£ c -5. 
[0020] 

C^SSM] tTF. *#MB*IOT*#l80r3OttW«:BMI! 

— vm*i oommmx&z. c.<DwmM2m&\s- 

IfSST-l 0©§gj&-C«. nIGaAslS12± 
CC. nIGaAs^^7-114£, T8PDBR16 
<!:. 7>F-7'OAl,., Ga,., A s#>6fe&TSf5:* 
■^-•9"J118. T>l ; -7'CDAl 0 .„Ga,.„AsiT 
#FilR0 £ r> K--7*©A 1„. 3 Ga,., As^ii^ 
6fe&S^#Fr£ttJ12 0. ^o^ct^f-^wa l 

... Ga..., A s#><E>fe5±SI$X-<-— 2£^&S 
ttW2 4i, ±g|5DBR26i, p»GaAs3> 
# t> Ml 2 8£4««lWc. *fc. n3SGaAsS 
«1 2©cn6©S*5^3nfcffliJ<!:«Jg*tffliJCD^ftK: 

a u z n / a u (ommm&mm l x n mmm 3 o zmm 

L/fco CCt, TSBDBR 1 BttnlOA 1 ,., Ga 
.., AsinS©A 1,., Ga Asi^rS^ilS 
A/(4n r ) (A:|a§i&g. n r : &ft©/Sflr^) 

i~?$E.<,c4o. 5mmmmv-cj(mL. F-/oh© 

VJn>jgS»2x 1 0" cm-'ilfc. ±gPD 
BR2 6ttpM©A 1 „., Ga,., AsipSOAl 
.., Ga,., As££&*J9<* A/ (4n r ) 
fc3 omifSJli,TflMt,. F-^> hCD*-^>igffi 
«3X1 O-cm-ilfc. {ML. ±S0DBR2 6ft© 
iTBKttpSOAl,., Ga,., A s<Dftt>*)(,Czi> 
b\a-)VmtbX<DpM<DA 1 Asl3 24fiXL/fc. 
C©pS©A 1 AsH32«J13A/ (4n r ) "C. F 
-v-C>ho*-^>?gg«3x 1 O-'cm-'tWii. Ji 
3BDBR2 6©JgMfc ()f®C) &TSBDBR 1 6 ©-en 
£*) *>:£>fe< (,>£©«. ±3BDBR2 6©K!Wl££ 
TSPDBR 1 6©-£tt<fc9/jNi* < LX&m%;&=i>$>7 
hJHIJ^OlXOUl-rfcA-C*-?.. fete, ^©it^jism 
£Ttf£ft:tf>. TSPDBR 1 6 t±g(5DBR2 6©A 1 
... Ga,., AsIiAl,., Ga,., Asl©|K, 
t<D *H ©y;u 5 «^tb*Wr Si>to«>*«^«JS*^ 
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l&t/fc. pl©GaA s3>W H12 8©J®/I«:2 0 
nmT, *-^>iSgttlxlO"cm-'iWc„ 

[0 0 2 1,]*tC. pSCDGaA sa^? M12 8fr 
P>TSPDBR 1 6©-g|5*'C*=:^t*^^RO^ 

(BC1, +C1, ) JJ X*m^tcfc!£.m* 

CCT. A l As@3 2^4 0 0'CKJn^b. ^©-SPfti 

io vzmiRfmcmitLtc. £6tc. iiiria^flijfcSra^j: 

1 *tm©->U3>® i gfbJIl3 4*«JgL/c. &(C. 7* 

mj 77< iis-ry^ta^r. frfB^ifl«^© 

li36t»STi/Au ©«Jil&£ffi£©ftg(CJf$J& 
vM.m%3 6%pfOGa A s 3>£^ f-J12 8 £ 

[0 022] #*T-«tLL©.J: ^JCEU&^n. 
20 A : 7 8 0 nm©U — !f:££ffl»tna>6Bt 9 W^T. 

[0 02 3] OnISS3 0 i pSlffi3 6 i© 
HflCC^a-C3mA©maiE£ij£U U— tffSfgfctTofclS 

**H3«:^-r. c©0^e>. 2oo^M«±©ratH^ 

^b#£< He-tiT, A 1 A s liW^Kcffli^c 
[0024] fe*J. C©I«i^(*U-ff? 1 0 

mmm 2 > m 2 ». ^2 ©*ispii©B^3tM*^ u 

-if ^4 0©»rffiia-r*S„ fete. COI^M^i 

wis— *rm*4 o©«fiXKte<-^r. i^s^ftu- 

■tf^T-l 0©tBj&<t|§JDk©CCot>Ttt|5]D#*f ; £'ttl/ 
r3iB^^^HS-r^„ M^feSf^aiftU— tf^4 0©K 
Srii. S-T. T>K-7 , GaAsSf4 2±(C. nS 
GaAs/'i-^T-lHi. TSPDBR16<t. T> 
F-^©A1... Ga,., AsiC-^>F-Y yfStlfc, 
Al,., Ga,., Asl^#FBM7>H-^©Al 
40 Ga,., A s«HJg*>6fe£fi^-#Fr£1&l*^i? 
rSt4M^4 4<b. ±§15DBR2 6i. pl©GaAsa 
>iffh@2 8i?:ll«^«Jlbfc <> iXK. P Sf©GaA 
s=J>$f h)12 8*^T§PDBR 1 6£. nIG a A 
s^»7t-1 1 4*JSW-T5<fc^{C7* h 'Jy^y 
-< iH^fb^^^RO'^ (BC1, +C1, ) ^fX^ 

L/fc„ ^C^r. i)T13XX$>z>mM*:Q 5°C(Cj3n^ 

?r3IAL/fc^^ s> h^fb^Ocr. AlAsI32440 
50 0-CiC^L-. ^©-gP/c^*3SiRe<J«:g!{bL/fc„ $6 
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(C. nfGaA s^»7r-il 4#&ffiU/clH5#©i?T * *ffl*#ttCD^I— &ffi2i*S*>iftl'-1f*^ i &e«-r 

^©{4gKAuZn/Au©SJfffi#>e>fc£n§!!m@4 &C«i:#-Ci*£o 

6^>j7h *y&-eBf&Ltc. Xic. mm* -vmmzm [oo28]s/c #^©m 2 ©&«». ftURtamR 

r. ->'J3>tlftl4 8, nSGaAsA^r-l «lg-e(i«>Se <btc«t ot. S«i©»rgW>*g& y - * 

1 4 MT> F-^G a A sIS4 2©^ iHISncCB ^rEdlh-T £ C £ WCZ 

g3ttfcgfr5>©— SB*?* h'J Vif^y-i LS-vZ-Zsif [0029] #|lB8©Sg3©<Hf&;t. 

zmLZ&tc. m>"c. ^iMtJfilBCCiPy^S F5 0* 10 IttKSStSct^-ctS. 

Kbl4 8©pS©GaAs3>$i' FS2 8±(C(4g [0 1 ] #2fcBJ©^ 1 ^ffl£^T»r®0"T?&£„ 

•rs«»*«tH"r* J: y -f 5 f 5 o zwmm. it [02 ] *»w©m2^jtw*^-nsrS0-c*4. 



I5 2^fli/c 0 *ivc, 7*hyy^7^^x^ 




[04] ft*W*^TKffiiar*s. 






[05 
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nfGaAslS 


54^pl©GaAs3>^^ hJ12 8 <fcJ81R-f 4<fc* 




1 4 








1 6 


TpPDBR 


[0 02 5] *3R^«tUbO <t 5 fc:1f ft % n 




1 8 




46ip ^mffi 5 4 CC®S^:fe"r C t tc <£ 0 rissgsgfi 




2 0 




A : 7 8 0 nm<DU-* ♦f**ffiS*P^6BK , 3 WT 0 




22 




[0 02 6] ««B^ 1f«aS*« 5 <t 9 K&«*B3t 




2 4 




l^S1*^CiT, A l A s»*«SEftse»5CflB^fc 




2 6 


±5PDBR 
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pIODGaAs 3>^^M 
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30 


3 2 


A 1 As® 


< & 0 ^ > * 2 h JH±CC1BSS ft & p M*&<DKfit#l* 
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3 6 




F«cj:o^»ay-^*i»±-c#*. Mts^M 
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7>F-7*GaAsIi 


^WWfgK J: 0 T^S< t"f ^iS^-C fcVCSEL 
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[0 02 7 ] 




4 8 




[»ffl©Sft*3 1 A 1 A s 




5 0 
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5 2 
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P~GaA» P-AIAs 

\ ^ ^ -A I x O y 

— >l nGaAs/Ga A» QWs 
: " |n-AIAs/GaAs DBR 
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